Abstract: The effect of the upstream sequences of the yeast ADH1 promoter on the expression of Hormoconis resinae glucoamylase P by Saccharornyces cerevisiae was studied. Sequence analysis of the 5'-terminal region of the promoter revealed sequence patterns resembling a transcription start point and the binding site for the regulatory protein ADR1. A short promoter was constructed by deleting all the promoter sequences upstream of nucleotide -409, including the upstream activating sequence UASRp ~. A medium-length promoter was constructed by deleting a fragment of 558 bp containing the putative upstream transcription start point but not the UAS. The short promoter increased the glucoamylase expression level 1.6-fold compared with the long promoter, but the beginning of secretion was delayed by about 10 h probably because of the absence of the UAS. The medium-length promoter directed expression of the glucoamylase without an initial delay, with the enzyme activity lying between the activities produced under the long and short promoters. Northern blot analysis confirmed the secretion patterns of the strains with different promoters but failed to reveal any transcripts starting at the putative upstream start point.
Introduction
The promoter of the yeast alcohol dehydrogenase 1 gene, ADH1, is widely used for the expression of heterologous genes in Saccharomyces cerevisiae. We have constructed yeast strains expressing the Hormoconis resinae glucoamylase P gene, gamP, under the control of the ADH1 promoter [1] . To enhance expression, it was decided to attempt to modify the promoter since it * Corresponding author. Fax: +358 0 1333346. has been shown that deletion of an upstream sequence of the ADH1 promoter results in increased expression of heterologous proteins [2] .
The activity of the ADH1 promoter is reduced to one-tenth after glucose depletion from the yeast growth medium at the stationary phase [3] . Arnmerer [4] discovered that during the stationary phase another ADHl-specific transcript was synthesized starting at 1000 to 1100 nucleotides upstream of the normal transcription start point. The synthesis of this probably untranslatable transcript was suspected to prevent the use of the normal transcription start point, leading to deple-tion of the translatable message [4] . The normal transcription start point with its regulatory elements is situated between nucleotides -27 and -128
counted from the A of the translation initiation codon, ATG [5] . There is an upstream activating sequence, UASapc, between positions -652 and -664 [6] . When the 5'-terminal part of the ADH1 promoter upstream of the SphI site at -409 is removed, the short promoter remains active even during the stationary phase [2, 7] , but an initial delay has been noticed in the onset of the expression [2] .
Here, the nucleotide sequence of the upstream region of the ADH1 promoter is reported, and the construction of two vectors with partially deleted ADH1 promoters is described. The ex- 
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Materials and Methods
Strains, plasmids and media Escherichia coli strains AMA1004 [8] and XL1-Blue were used as hosts in plasmid constructions and grown in L broth supplemented with ampicillin at 50 /zg/ml as required for plasmid selection. E. coli JM109, used for the transfection of the sequencing vector, phage M13mp19, was maintained on M9 plates containing thiamine (15 /zg m1-1) and grown in L broth. The plasmid constructions for yeast expression were made using pAAH5 [4] as the source of the ADH1 promoter, pALK304 [1] as the source of gamP gene and pALK318, a derivative of pALK307 [1] , where the 44 bp EcoRV-MIuI fragment is deleted. The construction of pALK305 containing the gamP cDNA under the control of the long ADH1 promoter has been described previously [1] . The S. cerevisiae strains used in this study were YF135 (a, leu2-3, leu2-112, his3-11, his3-15) and ALKO2681, the latter a mutant of ALKO807 (a, leu2-3, /eu2-112, ura3-5OA, canl-lO1) selected for increased heterologous protein production at our laboratory [9] . The yeast strains were grown on plates on synthetic complete medium or in liquid YPD medium.
SphI fragment containing the short ADHI promoter and terminator (Fig. 1) . For the construction of pALK257 containing a medium-length (1.5 kb) promoter, a 0.5 kb NaeI-EcoRV fragment of the long promoter was deleted (Fig. 1) . The deletions were performed using pALK318 as an intermediate vector for the promoter fragments. The gamP cDNA derived from pALK304 was inserted as a 2 kb EcoRI fragment into the HindIII site of the plasmids pALK314 and pALK257 to construct the glucoamylase expression vectors pALK315 and pALK332, respectively.
Northern blot hybridization
Total RNA was isolated from yeast cells by the phenol extraction method [13] and poly(A) ÷ RNA selected by means of Dynabeads® oligo(dT)a5 (Dynal A.S., Oslo, Norway). RNA samples were denatured with formaldehyde and formamide and separated in a 1% agarose gel containing 0.2% formaldehyde by standard methods [10] , slightly modified [14] . RNA was blotted onto a Hybond-N nylon membrane (Amersham, Buckinghamshire, UK) by the Vacugene XL vacuum blotting system (Pharmacia LKB Biotechnology, Uppsala, Sweden). Glucoamylase-specific mRNA was detected using a 1.6 kb internal glucoamylase fragment as a probe. The fragment was synthesized using PCR [15] and simultaneously labelled with digoxigenin l l-dUTP with sequence-specific oligonucleotides as primers.
Manipulation of DNA
Standard recombinant DNA techniques were used [10] . DNA was sequenced with a 373A DNA Sequencer from Applied Biosystems (Foster City, CA). The oligonucleotides used in DNA sequencing and PCR were synthesized with a 381A DNA Synthesizer from Applied Biosystems. Yeasts were transformed by spheroplasting [11] or by the PEG-lithium acetate method [12] , and the transformants were selected by leu2 complementation.
Plasmid construction
Plasmid pALK314 was constructed by replacing the 2.0 kb BamHI-cut ADH1 promoterterminator fragment of pAAH5 with a 0.9 kb
Glucoamylase assay
Glucoamylase activity was determined as described previously [1, 16] , using soluble starch as substrate. One unit was defined as the amount of enzyme releasing 1 /zmol glucose per min at 30°C.
Results and Discussion

Secretion of glucoamylase under the short ADH1 promoter
We have previously constructed yeast strains expressing H. resinae gamP under the control of the ADH1 promoter [1] . In these strains, glu-232 coamylase is produced mainly by logarithmically growing cells. Since the promoter remains active at the stationary phase if the 5'-terminal sequences are deleted [7] , the part of the ADH1 promoter in pAAH5 upstream of the SphI site at the position -409 was deleted to construct the expression vector pALK315 (Fig. 1) .
Secretion of glucoamylase was studied by transforming pALK315 into two yeast strains, YF135 and ALKO2681. The activity levels were compared with yeasts transformed with pALK305
[1] containing the long ADH1 promoter. The pALK315 transformant of YF135, ALKO3034, secreted 1.6 times as much glucoamylase as did the pALK305 transformant ALKO2313 when grown in YPD medium ( Table 1) . As expected, on the basis of previous data [2] , there was an initial delay in the appearance of glucoamylase activity in the medium with the short promoter. After 5 h, no activity was detected with ALKO3034, while ALKO2313 had already produced 4 U 1-1 (Fig. 2) . The transformants of the mutant yeast strain ALKO2681 secreted about 130 U 1-1 when the long promoter was used (ALKO3032) and up to 540 U l-~ when the short promoter was used (ALKO3087; Table 1 ).
The short ADH1 promoter lacks the putative upstream transcription start point of the long promoter but it also lacks the upstream activation sequence, UASRpc, between the nucleotides -652 and -664 (Fig. 3) , necessary for the efficient expression of the ADH1 gene [6] . The absence of UASRp ~ may therefore be the reason 40 100l
• ~ The yeast strains were grown in 100 ml YPD cultures and the growth was monitored by measuring OD60 o. Glucoamylase activity was determined as described in Materials and methods. The curves indicate the growth (solid symbols) and glucoamylase production (open symbols) of the YF135 transformants ALKO2313 (long promoter), ALKO3034 (short promoter) and ALKO3554 (medium-length promoter), respectively.
for the delay in the onset of glucoamylase production under the short promoter.
Analysis of the 5'-terminal part of the long ADH1 promoter
To find the exact location of the putative upstream transcription start point, the 1 kb BamHI-SphI fragment of the ADH1 promoter in The yeast strains were grown in batch YPD cultures (see Fig. 2 ). a Activity in the culture supernatant. b Calculated assuming a specific activity of 14.4 U mg-1 [16] . c Living cells counted on YPD plates. pAAH5 was sequenced between the nucleotides -1457 and -750 as counted from the ADH1 translation initiation codon [5] . Figure 3 presents the sequence between the nucleotides -641 and -1457. The sequencing revealed the consensus sequences CAAT (positions -1022 and -848) and TATAAATA (position -936) (Fig. 3) . The sequence of the TATA box is identical with the transcription initiation signal at the downstream transcription start point [5] . Three sequences (CAAT, TAAT and TAAA) matching the transcription initiation consensus, PyAAT(Pu) [17] , are found 81, 123 and 127 nucleotides downstream of the TATA box. The most probable transcription start point would be the first of these sequences at the position -847, about 200 bp downstream of the previously estimated start point for the long ADH1 transcript [4] .
Further upstream, between the positions -1215 and -1178, there is an imperfect palindrome containing the consensus sequence TG-GAGA, also found at the binding site of ADR1, a regulatory protein for the ADH2 gene [18] .
Binding of the ADR1 protein to the binding site in the 22 bp perfect palindrome UAS1 activates the promoter of ADH2, the gene for glucose-repressible alcohol dehydrogenase of yeast, when glucose is depleted from the growth medium [18] .
Secretion of glucoamylase under a medium-length ADH1 promoter
To combine the benefits of the long and short promoter, the part containing the putative upstream transcription start point with its regulation signals was removed leaving the UAS intact. An expression vector, pALK332, containing the medium-length promoter was constructed by deleting the 558 bp NaeI-EcoRV fragment of the long ADHI promoter (Figs. 1 and 3) .
The pALK332 transformant of YF135, ALKO-3554, started secreting glucoamylase with no delay at the beginning of the logarithmic growth phase, as did the yeast with the long promoter, ALKO2313, but reached a 1.4-fold final activity level (Fig. 2, Table 1 ). The final activity produced by the mutant strain with the medium-length promoter, ALKO3560, (180 U 1-1) was also 1.4-fold when compared with the strain with the long promoter, ALKO3032 (Table 1) . Similar secretion ratios between the medium-length promoter and the long and short promoter have been observed with Bacillus a-amylase (L. Ruohonen et al., submitted for publication).
Northern blot analysis of the glucoamylase-specific transcripts
The activities of the long, short and mediumlength promoters during yeast growth were tested by Northern blot analysis of the RNA transcripts of ALKO2313, ALKO3034 and ALKO3554 at different growth phases (Fig. 4) . A high amount of the 2.0 kb glucoamylase-specific transcript from the long promoter (ALKO2313) was detected at the early logarithmic phase (lane 1) but it almost the Trichoderma reesei egll gene was expressed in yeast under the long ADH1 promoter (S.A. Aho et al., manuscript in preparation). The disappearance of the 2.0 kb transcript of the long ADH1 promoter at the stationary phase is in accordance with previous results [2, 4] ; nevertheless, the phenomenon appears to be independent of the appearance of the longer transcript. Fig. 4 . Northern blot analysis of the glucoamylase-specific transcripts of the long, short and medium-length promoters. Yeast strains ALKO2313 (long promoter, lanes 1-4), ALKO3034 (short promoter, lanes 5-8) and ALKO3554 (medium-length promoter, lanes 9-12) were grown in YPD medium and harvested at different growth phases: early logarithmic (5 h, lanes 1, 5 and 9), late logarithmic (23 h, lanes 2, 6 and 10), early stationary (30 h, lanes 3, 7 and 11) and stationary (48 h, lanes 4, 8 and 12). Poly(A) + RNA was isolated and glucoamylase-specific transcripts detected as described in Materials and Methods. RNA samples (0.6-3.9/zg) represented the amount isolated from 2.5× 108 cells. The number on the left indicates the size of the glucoamylase-specific transcripts and the numbers on the right the size of DNA markers (lane 13) in kilobases.
disappeared by the late logarithmic phase (lane 2). The amount of transcript originating from the short promoter (ALKO3034) was much lower at the beginning (lane 5) but it was still abundant at the late logarithmic phase (lane 6). The strain with the medium-length promoter (ALKO3554) produced most of its glucoamylase-specific RNA at the early logarithmic phase (lane 9), as did ALKO2313, but unlike the latter it still contained detectable amounts of the transcript at the stationary phase (lane 12). The transcript starting at the putative upstream transcription start point at -847 was predicted to be 2.85 kb in length. No such a mRNA band was detected in any lane of the Northern blot (Fig. 4) . This is not consistent with the resuits of previous studies, where a longer transcript from the long ADH1 promoter was detected at the stationary phase [2, 4] . No longer transcript was found, either, when the cDNA of
Conclusions
The effect of the upstream sequences of the ADH1 promoter on the expression of H. resinae gamP by S. cerevisiae was studied. Sequence analysis of the Y-terminal part of the long ADH1 promoter revealed sequences homologous to a transcription initiation site and an ADR1 regulator binding site. The short promoter used in this study lacked all the upstream sequences including the UASRp G. The medium-length promoter contained the UASRp G but not the region upstream of it.
The amounts of glucoamylase produced under the ADH1 promoters of different lengths confirm that the UASRp G is necessary for the early activation of the ADH1 promoter and that deletion of the region upstream of the UASRp G allows extended activity of the promoter at the stationary phase. However, Northern blot analysis did not reveal any transcripts longer than 2.0 kb.
The highest final activity levels were reached using the short promoter, but if higher level of expression of heterologous proteins at the beginning is required, it is advisable to use the medium-length ADH1 promoter.
